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There is hope that the structure of molecular variation
within populations can give evidence for recent
adaptive evolution. New work on Drosophila genes that
seem to have been subject to adaptive changes
illustrates the difficulties in calculating the statistical
significance of data trends that seem to show this.
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The heart of the neo-Darwinian theory of evolution is that
natural selection favours genotypes and, as a result, gene
pools change systematically with time, becoming enriched
for better adapted genotypes. A recent study [1] of varia-
tion in a newly arisen gene in Drosophila melanogaster high-
lights some of the complexities that arise when trying to
infer that adaptive mutations have spread to fixation in the
recent past.
We are sometimes fortunate enough to watch adaptive
changes happening. The twentieth century produced many
examples of the selectively driven spread of mutations,
including alleles conferring resistance to insecticide in
mosquitoes such as Anopheles culicifacies. In the case of the
fruitfly Drosophila melanogaster, however, no good exam-
ples have been described of the spread of mutant alleles
creating advantageous phenotypic change. This is a pity,
as they could have been studied in detail using our know-
ledge of this species’ molecular genetics. 
The reason why we have not seen such changes is
mundane. Any mutation that we can see spreading rapidly
must have a selective advantage of at least a few percent.
A smaller advantage would create a slower rate of change,
which might not be detectable with statistical confidence.
Our observing the rapid spread of a mutation requires this
to have happened in the narrow time window of the twen-
tieth century. Since the split between D. melanogaster and
D. simulans, there have been three million years of evolu-
tion and one century is one thirty-thousandth of this time.
Almost all D. melanogaster changes would therefore be
unavailable for study. While this argument is over-simplis-
tic, as man-made environmental changes have caused
mutations to spread recently, we still have only a low chance
of watching ‘evolution in action’. 
Selection sometimes reveals itself in a gene’s KA/KS
ratio — that is, the ratio of the number of ‘replacement’
substitutions, KA, which change an encoded amino acid,
to the number of ‘synonymous’ substitutions, KS, which
do not. In a particular branch of a phylogeny, we might see
an elevated KA/KS ratio, relative to other branches or to
polymorphisms within a species, implying that adaptive
replacement substitutions have occurred, as in the evolu-
tion of lysozymes in some primates [2]. But here we are
counting evolutionary substitutions — and so there have
to be a lot of these before the data have power to rule out
neutral spread.
We want to discover, from currently observable patterns
of variability, signs that selective change has happened. In
principle, we know how to do this. A rapidly fixing advan-
tageous mutation creates a ‘selective sweep’. As all the
alleles in the population are descended from the allele
with the advantageous mutation, variation will be reduced
[3]. During the process of spread of the advantageous muta-
tion, and afterwards, neutral mutations will also be occur-
ring in the region linked to the advantageous mutation.
These mutations will give us information about how long
ago the sweep occurred, and the phylogeny of the alleles
after the sweep.
Low diversity could result from a population size that was
small over recent evolutionary time. But a small popula-
tion size will affect all genetic loci equally, whereas a selec-
tive sweep will have effects that are gene-specific, or, at
least, specific to a length of chromosome determined by
the local rate of recombination. Furthermore, after a selec-
tive sweep, the neutral diversity that builds up should
show an unusual structure. The alleles will be connected
by what is approximately a star phylogeny, where they all
share ancestry during the short time of the sweep. Neutral
mutations arise independently, and this will give an excess
of mutations found as singletons in a sample of alleles.
Various statistics exist, such as Tajima’s D [4], which
describe this effect. D compares the diversity measured by
the mean number of base changes between alleles (π) with
that measured by the number of variable sites in the
sample (θ). θ greater than π creates a negative D and is
expected after a sweep. So, we look for local reductions in
diversity, accompanied by negative values of Tajima’s
D — the signature of selection. What could be simpler?
In reality, the devil is in the details and the details concern
the statistical testing of any observed effect. We need a
model of the patterns we would expect to see in the data
in the absence of a selective sweep, and to show that the
data disprove this model. The expected variation is deter-
mined by the neutral parameter, 4NeµN, where Ne is the
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effective population size, which is typically less than the
true population size — it differs from this because the effec-
tive size allows for fluctuations in population size with
time and because not all individuals are able to breed. The
parameter µN is the neutral mutation rate; µN might be
gene-specific and can be estimated, with some error level,
from interspecific comparisons. But there is a correlation
between recombination and population variation, caused
by the recent shared descent of alleles in low recombina-
tion regions. This effect probably results mostly from
background selection — weakly deleterious alleles arise
constantly and their selective elimination removes much
of the neutral variation [5]. 
As the recombination rate varies along the chromosomes,
effective Ne values differ between genes, affecting diver-
sity in the absence of selective sweeps. Genes also differ
stochastically in their variability in the neutral model. The
number of mutations that have created sites in the DNA
sequence that differ between alleles will be Poisson-dis-
tributed dependent upon the length of the phylogeny con-
necting the alleles. But, in addition, the total length of the
phylogeny will be determined by a neutral coalescent —
the process linking a sample of neutral alleles to their
common ancestor. The time to the common ancestor is
randomly distributed, as are the times to each of the nodes
on the tree of the alleles. This means that the sum of
the lengths of all of the branches connecting the alleles
sampled to their common ancestor will itself have a large
sampling variance. Thus, we expect a very large variance
in diversity levels under neutrality between genes with
identical values of 4NeµN.
A further complication is that recombination will not always
cleanly decouple the evolutionary histories of different
genes. Recombination within a gene could mean that a
selective sweep’s impact might affect half a gene’s length
only, and be masked when diversity across the whole gene
is averaged. Equally, the absence of a recombination might
extend the impact of a sweep to an adjacent gene with
which we might have wished to compare our first gene.
Furthermore, tests typically assume an absence of popula-
tion substructure.
These problems are illustrated by the interpretation of
data on a gene of recent origin, called Sdic. In 1998, Nur-
minsky et al. [6] reported the identification of a remarkable
new gene in the 19DE region of the D. melanogaster X
chromosome, called Sdic for its product ‘sperm-specific
dynein intermediate chain’. This gene is absent in other
Drosophila species, implying that it arose since the split
between D. melanogaster and D. simulans. The gene is a
hybrid between two adjacent genes: Cdic, which encodes
cytoplasmic dynein intermediate chain, and Ann-X, which
encodes annexin-X. A genomic region containing these
genes, which are transcribed in the same direction, has
duplicated, and from the adjacent copies of the two ances-
tral genes, Sdic has been formed, using part of the Ann-X
transcribed sequence as its promoter and using the tran-
scribed region of Cdic to supply its coding sequence.
The Sdic gene includes a new exon encoding 16 amino
acids, which is derived from a part of a Cdic intron (a stop
codon in this sequence has changed, allowing transla-
tional readthrough). Sdic has also been ten-fold dupli-
cated in a tandem array, and is expressed in the testis in
D. melanogaster. The obvious implication is that the cre-
ation and evolution of this gene, its expression and its
amino acid sequence, have been shaped by positive selec-
tion. But when did this happen? Nurminsky et al. [6]
reported low variation in Sdic and even lower levels in
Cdic: for Sdic π is 0.89 × 10–3, and Cdic it is 0.45 × 10–3. Cdic
is tightly linked to Sdic and so it would be affected by a
selective sweep at the Sdic locus. The authors suggest that
the low levels of variation reflect a recent selective sweep.
In a commentary of this work, however, Charlesworth and
Charlesworth [7] pointed out that there is reduced recom-
bination in this region of the X chromosome and that back-
ground selection might have reduced variability in the
absence of selective sweep. Indeed, Sdic and Cdic fall on
the genetic map between genes Zw and su(f), which previ-
ous work had measured as having π values of 3.8 × 10–3
and 0.5 × 10–3, respectively (Figure 1). Compared to su(f),
the Sdic and Cdic diversity values are unexceptional, and it
should be remembered that the standard errors on these
diversity estimates are very large.
Nurminsky et al. [1] have now produced a new data set
which they hope will resolve the issue. In their new study,
they measured diversity of all the genes shown in Figure 1,
revealing that three of the genes between the Sdic/Cdic pair
Figure 1
The genes at the base of the X chromosome studied by Nurminsky et
al. [1]. Of these genes, su(f) is closest to the centromere of this
telocentric chromosome. 
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and su (f) have high levels of variability. These are run (as
suggested by an earlier study [8]), tty and slgA. All are more
variable than both Sdic and Cdic. The authors tested a null
hypothesis that there is a monotonically decreasing level
of variability from Zw to su (f), and found significant evi-
dence for a cubic component, implying a trough in vari-
ability around Sdic/Cdic. This null hypothesis is not refuted
in their parallel study on D. simulans, which lacks Sdic. The
data thus support the existence of a selective sweep near
Sdic. But again the details are problematic — the hypothe-
sis being refuted is not neutrality, but rather the monoton-
ically decreasing variability expected under neutrality.
The null hypothesis under test treats each gene as an
independent observation, and, as the genes are linked, this
will not be true.
So problems remain, but it seems that the obvious way
forward is to try to avoid altogether the testing of null
hypotheses which aim simply to show that the data are
unlikely without selective sweeps. A better solution would
be some sort of likelihood-ratio approach, calculating the rel-
ative probabilities of the data as a whole under two models,
one with and one without a selective sweep. Methods to do
this are being developed [9]. Then all that would remain
would be the problem of population subdivision.
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